Children in China are experiencing a rapid increase in the prevalence of obesity, which is associated with hypertension. To compare the effect of body fat on blood pressure (BP) with that of the normal physical growth, we compared BP levels in Chinese children with different body fat levels. In the present population-based study, 13 972 children in the highest-skinfold-thickness-quartile group were individually matched to 13 972 children in the lowest-skinfold-thickness-quartile group by height and weight. Similarly, 5103 children in the highest-waist-circumference-quartile group were matched to the same number of children in the lowest-waist-circumference-quartile group. The high-and low-fat groups had similar height and weight but the high-fat group had significantly higher skinfold and waist circumference measurements. The differences in systolic BP (SBP) between the high-and low-skinfold-thickness groups were small: 0·01 (95 % CI 20·41, 0·44) mmHg in boys and 0·20 (95 % CI 2 0·15, 0·54) mmHg in girls. The differences in diastolic BP (DBP) were also small (0·39 and 0·38 mmHg for boys and girls, respectively) but were statistically significant. The differences in both SBP and DBP between the high-and low-waist-circumference groups were small but not statistically significant. For a given body size as measured by height and weight, relative body fat had little impact on BP levels in these children. Fat mass and lean mass may have a similar quantitative impact on BP in healthy-weight children.
China is experiencing a rapid increase in obesity (1) , which is associated with hypertension in children. Elevated blood pressure (BP) in childhood is a risk factor for CVD in adult life (2) . Current guidelines published in 'The fourth report on the diagnosis, evaluation, and treatment of high blood pressure in children and adolescents' provide the current BP standards in children and adolescents based on sex, age and height (3) . In growing children, separating the effect of normal physical growth on BP from that of obesity on BP values is important but challenging. A number of studies have indicated that weight is more closely correlated with BP levels than height (3 -6) . However, weight-specific standards are not encouraged, as they are considered to obscure elevated BP resulting from obesity (4, 7) . Anthropometric measurements of body fat such as waist circumference and skinfold thickness are associated with BP in children (8) . Recent studies have demonstrated that BMI is the strongest determinant of BP in children among body composition measurements including body fat measures using dualenergy X-ray absorptiometry (9, 10) . It is clear that children with larger body sizes tend to have higher BP values. Since weight, waist circumference and BMI are crude measurements of total lean mass and fat mass values, the effect of body fat, independent of overall body size, on BP is still not clear. Lean body mass has been reported to be an independent predictor of systolic BP (SBP) in 9 year-old British children (9) .
Separating the effect of fat mass from that of total body size is difficult because all fat mass measurements and overall body size measurements for population studies are strongly correlated. Understanding the effect of fat mass on BP, independent of total body size, is important for distinguishing whether a relatively high BP in a child is normal or pathological.
In the present study, we employed a matching technique to ensure that the children with high body fat to have the same distributions of height and weight as those with low body fat. Anthropometric measurements of skinfold thickness and waist circumference were used as subcutaneous and central adiposity markers, respectively. The objective of the present study was to assess the independent effect of body fat on BP in children with similar height and weight distributions.
Methods

Participants
In the 2005 Chinese National Survey on Students' Constitution and Health (CNSSCH), data on a nationally representative sample of children aged 7 -18 years were used to assess the associations between skinfold thickness and BP. The survey included over 230 000 participants from 1320 primary and secondary schools in China. Based on the sum of triceps and subscapular skinfold thickness values, we divided the participants into four groups of equal size. The participants who had skinfold thickness values greater than age-and sex-specific 75th percentiles (the highest quartile) were classified as having 'high subcutaneous body fat' and those with values less than the 25th percentile (the lowest quartile) as having 'low subcutaneous body fat'. Each participant in the highest quartile group was matched to one participant in the lowest quartile group, if available, according to the following criteria: (1) with the same age, which was calculated in whole years from the date of birth, and sex, (2) from the same geographical region, (3) with an identical or a closest weight within 1 kg and (4) with an identical or a closest height within 1 cm. To minimise potential selection bias due to the researcher's subjective decision on choosing matching individuals, we developed a computer program to search and match study participants. If multiple subjects with the same age, sex, weight, height and geographical region in the database were identified, only one participant was randomly selected. We individually matched 13 972 pairs of children (6439 pairs of boys and 7533 pairs of girls).
To assess the association between waist circumference and BP, we used the waist circumference data collected in the 2008 Chinese National Surveillance on Students' Physical Fitness and Health. Chinese children aged 7 -18 years in this survey were from fifteen Chinese provinces and autonomous regions (11) . In this survey, waist circumference was measured in addition to the same set of anthropometric and BP measurements as those in the 2005 survey. Each child in the highestwaist-circumference-quartile group was individually matched to one in the lowest-waist-circumference-quartile group according to the same criteria as mentioned above. A total of 5103 pairs of children (2222 pairs of boys and 2881 pairs of girls) were matched.
Anthropometric measurements
In both surveys, height (cm) and weight (kg) were measured according to the standard procedures in all sites across the country (12) . Subjects were required to wear only light clothes and stand straight, barefoot and at ease when being measured. Weight was measured to the nearest 0·1 kg with a standardised scale and height to the nearest 0·1 cm with a portable stadiometer. Both the scales and stadiometers were calibrated before use. BMI was calculated as body weight (kg) divided by height (m) squared (kg/m 2 ). Waist circumference was measured midway between the lowest rib and the superior border of the iliac crest at the end of normal expiration to the nearest 0·1 cm. Waist circumference data were only available in the 2008 survey. Skinfold thickness was measured in the 2005 survey using skinfold calipers (Minjia, GMCS-PZQ; Beijing Xindong Huateng Sports Instruments Company, Limited) to the nearest 0·5 mm at two sites on the right side of the body: (1) triceps, between the tip of the olecranon process of the ulna and the acromion process of the scapula, and (2) subscapular, 1·0 cm below the tip of the scapula. In each participant, three measurements were taken and the middle value was recorded for one skinfold site. The sum of triceps and subscapular skinfolds was used to classify participants into different body subcutaneous fat groups. All measurements were conducted by a team of field technicians in each administrative district, and those technicians were required to pass a training course for weight, height, waist circumference, skinfold thickness and BP measurements.
Blood pressure measurements
All BP readings were obtained at a single examination visit according to a standard protocol. As recommended by the National High Blood Pressure Education Program Working Group on High Blood Pressure in Children and Adolescents (3) , BP readings of the right arm by an auscultation method with a standardised clinical sphygmomanometer were used in the present study. A stethoscope was placed over the brachial artery pulse, proximal and medial to the cubital fossa and below the bottom edge of the cuff. Cuff bladders with different sizes (7, 9 and 12 cm) for children were available in the survey site. An appropriate cuff bladder width covering the one-half to three-quarter of the upper arm length was chosen. The participants were asked to rest in the sitting position for 10 -15 min before the measurement. SBP was determined by the onset of the 'tapping' Korotkoff sounds (K1) and diastolic BP (DBP) as the fifth Korotkoff sound (K5) or the disappearance of the Korotkoff sounds.
Statistical analysis
To assess the success of matching, we compared the lowestbody-fat-quartile group with the highest quartile group by age, height, weight and BMI using a paired t test. Means and standard deviations of height, weight, BMI, waist circumference and skinfold thickness measurements for each body fat group were calculated separately for boys and girls. Observed height and weight values were converted into z-scores according to the WHO growth reference 2007 for school-age children and adolescents (http://www.who.int/growthref/en/).
Overweight was defined as a BMI above 1 SD and obesity as above 2 SD of the WHO reference (13) . Age-and sex-specific SBP and DBP mean values were calculated and compared between the two groups. Mean differences between the highand low-body-fat groups and their 95 % CI were calculated and tested using a paired t test. Potential residual confounding effects of body size measurements were further adjusted for using a multiple linear regression. The nature of the matched data was taken into consideration by specifying the matched pairs as clusters to obtain the robust estimate of variance. All analyses were conducted using Stata 11 (14) . The present study was conducted according to the guidelines laid down in the Declaration of Helsinki and was approved by the Medical Research Ethics Committee of the University of Queensland (#2011001199). Table 1 shows some characteristics of the study participants stratified by skinfold thickness levels. According to our matching criteria, the highest-and the lowest-skinfold-thicknessquartile groups had the same age within each pair. The two groups had similar weight, height and BMI values, but the skinfold thickness measures in the highest quartile group were substantially and significantly higher than the corresponding values in the lowest quartile group, as expected according to the nature of the design. Differences in the sum of triceps and subscapular skinfolds were as high as 17·2 mm (28·8 mm compared with 10·6 mm) for boys and 18·6 mm (36·0 mm compared with 17·4 mm) for girls.
Results
Similarly, Table 2 shows the characteristics of the study participants stratified by waist circumference levels. The highest-and the lowest-waist-circumference-quartile groups had similar age, height, weight and BMI values, but the two groups were substantially and significantly different in waist circumference. Waist circumference levels in the highest quartile group were 13·7 and 12·2 cm higher than those in the lowest quartile group for boys and girls, respectively. Z-scores for height and weight were lower than zero, indicating that our study participants were shorter and lighter than the children of the WHO reference population. The prevalence of overweight and obesity according to BMI values was low and similar in the different body fat groups (Tables 1 and 2) .
We calculated age-and sex-specific SBP and DBP values in the highest-and the lowest-skinfold-thickness-quartile groups before and after matching by age, sex, weight, height and geographical region. Before matching, the highest-skinfold-thickness-quartile group had significantly and consistently higher SBP and DBP values than the lowest-skinfold-thickness-quartile group in all ages and sexes ( Fig. 1(a) ). On average, SBP was 6·5 (95 % CI 6·3, 6·7) mmHg higher for boys and 4·5 (95 % CI 4·4, 4·7) mmHg higher for girls in the highest-skinfold-thickness-quartile group than in the lowest quartile group. The difference in DBP between the highest-and lowest-skinfold-thickness-quartile groups was 3·7 (95 CI 3·6, 3·9) mmHg for boys and 2·9 (95 % CI 2·8, 3·1) mmHg for girls. After matching the highest-and lowest-skinfoldthickness-quartile groups by age, sex, height, weight and geographical region, the differences in BP between the two groups diminished in all age and sex groups ( Fig. 1(b) ). The average differences in SBP between the two groups were 0·01 (95 % CI 2 0·41, 0·11) mmHg for boys and 0·20 (95 % CI 2 0·15, 0·54) for girls, and these differences were not statistically significant. The differences in DBP were also substantially reduced (boys: 0·39 mmHg, 95 % CI 0·05, 0·74 mmHg, P¼0·025; girls: 0·38 mmHg, 95 % CI 0·08, 0·68 mmHg, P¼0·013).
Before matching by age, sex, height, weight and geographical region, children in the highest-waist-circumferencequartile group had significantly higher BP levels than those in the lowest quartile group in all age and sex groups ( Fig. 2(a) ). After matching, the differences in both SBP and DBP between the two groups were substantially reduced, and these differences were not statistically significant (Fig. 2(b) ). The differences in SBP between the highest-and lowest-waist-circumference-quartile groups were only 0·50 (95 % CI 2 0·28, 1·3) mmHg for boys and 2 0·12 (95 % CI 2 0·70, 0·47) mmHg for girls; and the differences in DBP were 2 0·03 (95 % CI 20·59, 0·54) mmHg for boys and 2 0·28 (95 % CI 2 0·73, 0·19) mmHg for girls. 
Discussion
Using two nationally representative samples, we assessed the effect of relative body fat on BP levels in children. By employing a matching technique, we found that SBP levels of two groups of children with similar height and weight distributions but with significantly different skinfold thickness levels were similar. Although the differences in DBP levels were statistically significant, the absolute differences between the highand low-skinfold-thickness groups were very small, less than 0·4 mmHg. Waist circumference is a marker of central adiposity. For two children with the same height and weight, the one with a higher waist circumference indicates a higher level of central adiposity. Although waist circumference levels in the two groups differed by as much as 12 cm in the present study, once body height and weight were taken into consideration, children with high waist circumference had similar BP levels to those with low waist circumference. The present findings imply that BP levels are driven by overall body size, and fat mass may have similar impact on BP levels as the same amount of lean body mass.
It has been established that BP and body size or adiposity measurements are positively correlated (3,4,6,9,10,15 -28) . Recent studies have shown that BMI, a measurement encompassing both fat and lean mass, is a better predictor of BP than the adiposity measure using dual-energy X-ray absorptiometry (9, 10) .
Our previous study in Chinese children demonstrates that weight is a better predictor of BP than BMI (29) . It appears that the measures representing overall body size predict BP better than do the measures representing body fat alone. The current BP reference percentile values have been constructed as a function of height rather than a function of weight or BMI (3 -5) . It is considered that normal BP reference percentiles should not be constructed as a function of weight because weight-based BP reference values would obscure elevated BP resulting from overweight or obesity (3 -5) . As demonstrated in the present study, regardless of the level of relative body fat, BP is influenced by overall body size. In other words, the association of overall body size with BP is beyond the association between body fat and BP. Therefore, lean mass plays a similar and an important role in determining BP levels in children. A previous study has demonstrated that lean body mass is a more important correlate of the haemodynamic determinants of BP than is fat mass in children and adolescents (30) . Several possible mechanisms of the associations between lean mass and BP have been postulated such as muscle pressor reflexes, muscle composition and growth factors (31) . Even though the mechanisms are not clear, the distinction of elevated BP related to increased fat mass and that related to increased lean mass may have public health and clinical relevance.
The present findings imply that children with a large athletic build are expected to have similar BP levels as obese children with similar height and weight. However, the elevated BP, as determined according to the current normal cut-off values for children with an athletic build, is mainly associated with an increased lean (or non-fat) mass. Further research is needed to investigate whether high BP associated with an increased lean mass should be considered pathological. BP is an endpoint measure of cardiovascular adaptation, and this relationship is likely to become maladaptive with obesity. A high BP associated with an increased fat mass and that associated with an increased lean mass may have different health effects on children. A distinction between the two types of high BP may be useful for choosing appropriate interventions. Further follow-up studies are needed to investigate whether elevated BP related to increased lean body mass has different associations with future cardiovascular outcomes from those for elevated BP related to increased fat mass.
There are several strengths in the present study. The data were derived from two large nationally representative samples in China. Using a matching technique, we made the two groups strictly comparable at the design stage in terms of their overall body size as measured by height and weight. By comparing two extreme body fat groups with over 17 mm difference in skinfold thickness, if there is a true association between skinfold thickness and BP, independent of body size, it is likely to be detected in the present study. The study participants were aged between 7 and 18 years, and, therefore, the present findings are obtained from and applicable to a wider age range than previous studies (9, 10) . Due to the nature of matching, obese individuals with extremely high weight (or BMI) in the population were likely to be excluded from the present study because of the lack of corresponding individuals to match. The high-and low-fat groups had similar prevalence of overweight and obesity as measured by BMI because the two groups were matched by weight and height. Therefore, the high-fat group was not more overweight as measured by BMI than the low-fat group. Our conclusion that fat mass and lean mass have similar quantitative impact on BP may only apply to healthy-weight children. Another weakness is that we used the sum of two skinfold thickness and waist circumference measures as surrogates of body fat rather than a direct adiposity measure. Within each matched pair in the present study, two children had similar height and weight but largely different levels of skinfold thickness or waist circumference. A child who had a high level of skinfold thickness or waist circumference was considered as having a higher proportion of body fat because height and weight were fixed within each pair. Even though skinfold thickness is correlated well with total body fat (32) , further studies using more accurate fat measurements are encouraged.
In conclusion, in the present study, we found that total body size determines BP levels in children. As the same amount of increment in lean mass is associated with a similar magnitude of BP elevation as that in fat mass in healthyweight children, further research is needed to assess whether the two types of elevated BP represent different risks for CVD.
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